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{57] ABSTRACT 
A converter for converting input binary words into 
respective code binary words according to a given 
transcoding law, and appiication of the converter to 
reduced redundancy image transmission systems (e.g. 
facsimile systems). A main counter (3) is connected via 
an AND gate (5) to receive fast clock pulses from a fast 
clock (4). The main counter is capable of counting 
through ail possible code words, and its count state is 
applied via parallel connections to a transcoder circuit 
(6) which obeys the inverse transcoding iaw to the 
given law is. it acts as a decoder of code words. First 
code words for encoding are applied in parallel from at 
an input (1) and are compared by a comparator (7) with 
the decoded versions of the count states as given by the 
transcoder (6). On identity the counting is stopped by 
means of the AND gate (5) and the count state that gave 
rise to the identity is stored in a buffer register (8) for 
application to outputs (2). 

9 Claims, 8 Drawing Figures 
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BINARY CONVERTER IN PARTICULAR FOR 
TRANSMITTERS AND RECEIVERS OF REDUCED 

REDUNDANCY IMAGE DATA 

FIELD OF THE INVENTION 

The present invention relates to a binary converter 
particularly applicable for use in a coder and/or a de 
coder. It is particularly applicable to a transmitter sys 
tem, a receiver system, or a transmitter-receiver system, 
for facsimile signals, in which image data is transmitted 
with reduced redundancy. 

BACKGROUND OF THE INVENTION 

In a facsimile transmission installation, it is known to 
reduce the time needed for transmission by encoding 
the data resulting from scanning the image of the trans 
mitter into words representative of run-lengths. Black 
or white points detected during scanning are no longer 
transmitted individually, but the lengths of alternate 
black and white runs are detected over the length of 
each scan line and words de?ning the length of each of 
these runs are generated. On reception, the data is re 
produced on the basis of the run-length words orginally 
sent. This form of coding provides an initial reduction 
in the time needed to transmit the content of the docu 
ment to be transmitted. 

It is also known to reduce the transmission time fur 
ther by performing transcoding of the run-length words 
into other words which are different from each other 
and are not all of the same lengths; in particular this can 
be done by using the coding known as Huffman code. In 
this mode of coding, the run-length words which occur 
most frequently are made to correspond to the shortest 
code words while, conversely, the rarest run-length 
words are made to correspond to longer code words. 
This coding has been improved in such a manner that 
the Huffman code words remain of reasonable length. 
Thus in a so-called truncated Huffman code, words 
corresponding to a run-length of less than a given value, 
e.g. 64,are made to correspond to respective Huffman 
code words, each different from the others. These 
words are known as end code words and provide ?nely 
measured data on the lengths of run which are below 
the defined value. Conversely, words corresponding to 
run-lengths greater than or equal to this value, i.e. 64 in 
this case, are made to correspond to two code words, 
one of them known as a composition code word indica 
tive of the length of the run in 64-bit “slices", and the 
other one constituting an end code word indicative of 
the remaining length (i.e. less than 64). The composition 
code words are also different from each other and dif 
ferent from the end code words; they are representative 
of run lengths equal to integer multiples of 64. 

Given the number of coding methods, and in particu 
lar the coding methods indicated above, highly complex 
electronic circuits are acquired for performing the cod 
ing and decoding necessary to use such codes. 
French Pat. No. l 547 613 in the name of Xerox 

Corporation, describes a coding circuit and a corre 
sponding decoding circuit particularly useful in facsim 
ile transmission system for reducing the number of bits 
to be transmitted and hence the time required for trans 
mitting as in the Huffman coding technique, these cir 
cuits use a method which takes advantage of the differ 
ing occurrence frequencies of different lengths of 
strings of hits at the same level. However, in contrast to 
the Huffman coding technique in which different 
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2 
strings of bits at the same level are made to correspond 
to code words whose respective lengths are de?ned 
according to the probability that such a stringwill ap 
pear, i.e. in which it is not necessarily the case that the 
longer the string of bits, the longer the code word at 
tributed thereto, whereas in the coding method used in 
the said patent, the code words attributed to strings of 
bits at the same level become longer with increasing 
string lengths. There is no rule in the Huffman coding 
technique which makes it possible to use a ?rst code 
word attributed to a string of bits of a given length to 
deduce the next code word, that it attributed to the 
string of bits which is one bit longer, whereas in the 
coding method disclosed in the said patent, the next 
code word can be deduced from the first by using a 
counting technique for counting the extra bit or by 
using the technique of shifting the word one bit towards 
the more signi?cant end, i.e. of increasing the word 
format for certain con?gurations of code word. 
The coder described using this coding method de 

tects the successive bits of an input string to be coded 
and uses a counter whose contents may be shifted, to 
generate the successive code words corresponding to 
this string of increasing length, a new code word being 
generated for each new hit to the string. The code 
words are generated by making the counter count the 
bits in the string, and by shifting the contents of the 
counter by one slip towards the more signi?cant end for 
certain predetermined lengths of string. 
The corresponding decoder described for reproduc 

ing the string of bits from a received code word is built 
around the preceding coder and uses a comparator to 
compare the received code word with successive code 
words generated in the decoder. The decoder repro 
duces the bits of the string de?ned by the received code 
word by continuously generating an ever increasing 
string of bits during decoding. At the same time, the 
counter used the above coder is used in the decoder 
to generate successive code words corresponding to the 
reproduced string of bits according to the same tech 
nique of counting and shifting. A comparator compares 
the successive bits of the received code word with the 
bits of the code words generated successively by the 
decoder in order to detect the end of the string of repro 
duced bits on there being identity between the received 
code word and one of the locally generated code 
words. Both in coding and decoding alternate strings of 
bits are formed of ones or zeros, so a bistable which 
changes state at each detected identity in the compara 
tor of the decoder defines the level (1 or 0) of the bits in 
the decoded and reproduced string. 
Coders and decoders can be cheaply implemented on 

the basis of this coder. Indeed, in the present case, the 
decoder comprises the coder circuits together with a 
few other circuits. However, these coder and decoder 
implementations remain directly linked to the relation 
ships which exist between a code word corresponding 
to a given bit string and the code word corresponding 
to the string which is one bit longer. 
When the code words attributed to successively 

longer bit strings, they no longer have such a relation 
ship from one to the next, the coder cannot generate 
succcessive code words from the code words corre 
sponding to strings shorter than the string to be en 
coded. Likewise the lack of relationship between suc 
cessive code words complicate the decoder. 
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The aim of the present invention is to provide a con 
version circuit (coder or decoder) for converting binary 
words into other binary words by means of an inverse 
conversion circuit and inependently of any possible 
connexion that there may be between successive code 
words. 

SUMMARY OF THE INVENTION 

The present invention provides a binary converter 
for converting ?rst binary words into respective second 
binary words according to a de?ned transcoding law, 
the converter comprising: 

a fast clock; 
a main counter having a clock input connected to the 

fast clock and capable of counting so that its count state 
passes through all possible second words; 

a transcoder applying the inverse law to the de?ned 
law and connected to receive the count state of the main 
counter to deliver the said ?rst words successively in 
response to the main counter counting through the 
second words; and 

a comparator connected to receive both the said ?rst 
words to be converted and the said ?rst words deliv 
ered successively by the transcoder to detect identity 
between simultaneously compared words; the state of 
the said main counter at the moment when identity is 
detected by the comparator being the second word 
which corresponds to the said ?rst word to be con 
verted. 
The present invention also provides a converter oper 

ating as a coder, as a decoder, or as a coder/decoder for 
making run length words derived from scanning a docu 
ment correspond to code words encoded using a trun 
cated Huffman code. 
Embodiments of the present invention are described 

by way of example with reference to the accompanying 
drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic circuit diagram which shows a 
binary converter in accordance with the invention; 
FIG. 2 is a schematic circuit diagram which shows a 

coder and FIG. 3 shows a decoder implemented in 
accordance with the invention on the basis of the coder 
circuit of FIG. 2; 
FIG. 4 is a schematic circuit diagram which shows a 

decoder and FIG. 5 shows a coder implemented in 
accordance with the invention on the basis of the de 
coder circuit of FIG. 4; 
FIG. 6 is a schematic circuit diagram which shows 

one particular embodiment of the circuits shown in 
FIGS. 2 and 5; and 
FIGS. 7 and 8 are schematic circuit diagrams which 

show a coder-decoder implemented in accordance with 
FIGS. 2 and 3 or in accordance with FIGS. 4 and 5. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

FIG. 1 is a block diagram of a converter in accor 
dance with the invention. First binary words to be con 
verted are applied to converter inputs 1, and in this case, 
the bits of each word are applied in parallel. Second 
binary words resulting from the conversion of the ?rst 
words according to a de?ned transcoding law are deliv 
ered at converter outputs 2, the bits of each word being 
delivered in parallel. 
The converter includes a counter 3 whose input is 

connected to a clock or time base 4 via an AND gate 5 
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4 
which has one of its inputs connected to the clock 4 and 
its output connected to the input ofthe counter 3. As it 
counts the clock pulses it receives, the state of the 
counter 3 appers at its outputs in parallel. The converter 
also includes a known type of transcoding circuit 6, 
which converts words applied to its input into other 
words in accordance with a transcoding law which is 
the inverse of the law de?ned for the converter. The 
transcoding circuit has its inputs connected to the out 
puts of the counter 3. The converter further includes a 
comparator 7 which has a ?rst set of parallel inputs 
receiving the bits of the words delivered by the trans 
coding circuit 6 and a second set of parallel inputs re 
ceiving the bits of the word to be converted as applied 
to the converter inputs 1. The comparator 7 detects 
identity between two words applied to its inputs; it has 
an output at which it applies a signal indicative of such 
identity; in this case logic level 0 indicates non-identity 
and logic level 1 indicates identity. The output of the 
comparator 7 is applied to the second input of the AND 
gate 5; this is an inverting input and serves to close the 
gate 5 and hence interrupt the application of clock 
pulses to the counter 3 when identity is detected be 
tween the two words applied to the comparator 7. A 
register 8 having parallel inputs connected to the out 
puts of the counter 3 and parallel outputs connected to 
the converter outputs 2 is enabled for loading by the 
signal indicating identity between the two words ap 
plied to the comparator 7. When identity is detected, 
the state of the counter 3 is loaded into the register 8 
which then applies it to the outputs 2. 

If, for example, the transcoding circuit 6 is coder (of 
known type), the converter shown in FIG. 1 constitutes 
a decoder. It operates as follows. The counter 3 is 
chosen such that its counting capacity is sufficient to 
de?ne the longest possible decoded word correspond 
ing to the words for decoding which may be applied to 
the converter inputs 1. When a word to be decoded is 
applied to the converter inputs 1, clock pulses applied to 
the counter 3 via the open AND gate 5 cause the 
counter to change state. As the counter changes state 
the words delivered successively at the outputs are 
binary words, one of which will constitute the decoded 
word corresponding to the word present at the con 
verter inputs 1. The words delivered successively by 
the counter 3 are applied to the circuit 6 which converts 
them into coded words which are compared by the 
comparator 7 to the word present at the inputs 1. When 
the two words applied to the comparator are identical, 
the comparator output signal closes the AND gate 5 
and enables the register 8 for loading. The counter state 
remains ?xed and de?nes the required decoded word 
corresponding to the word at the inputs 1. This decoded 
word is loaded into the register 8 from which it is ap 
plied to the outputs 2. The signal delivered by the com‘ 
parator 7 and representative of detected identity, could, 
by way of example, be arranged after a short delay 
following its appearance to extract the decoded word 
from the register, reset the counter to 0 and apply a new 
word for decoding to the inputs 1 of the converter. 
These housekeeping controls are not shown in FIG. 1 
and are given purely by way of example to indicate how 
the converter could be made to operate continuously. 
The converter shown in FIG. 1 operates in a similar 

manner as a coder provided the circuit 6 is a decoder. 
While the counter 3 is counting, it is capable of deliver 
ing all possible coded words, one of which, after being 
decoded, will be detected by the comparator as corre 
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sponding to the word for coding present at that moment 
at the converter inputs 1. 
FIG. 2 shows an implementation of a coder for use in 

facsimile signal transmission equipment. In addition to 
the coder, the transmission equipment essentially com 
prises a document scanner device, not shown, for deriv 
ing binary scan data at a scanning rate along each scan 
line of the document, and a modulator, not shown, for 
transmitting the facsimile signal over a telephone line. 
The scan data DA is transmitted to the coder via a set 
of memories comprising, for example, a first memory 
not shown, receiving data DA relating to one scan line 
at the scanning rate along the line, and a second mem 
ory 10, containing data relating to the preceding scan 
line and being read at a rate HC determined by the 
coder. The two memories of the set of memories are 
alternately in read mode and in write mode. The mem 
ory 10 represents the memory which is in write mode. 
Thus at a rate HC, the coder receives the data DA in 
the form of variable strings of 0’s alternating with vari 
able strings of l’s corresponding to alternating black 
and white runs along the successive scan lines oi the 
document. The coder generates coded data DC from 
the data DA and delivers the line data DE constituted 
by strings of coded data DC corresponding to succes 
sive scan lines and separated from one line to the next 
by a pedetermined word referred to as a line synchro 
nising word. The line data DE is applied by the coder to 
the modulator at the modulator’s clock signal rate Hm 
for transmission to line. 
The coder shown is for coding the scan data DA into 

binary words according to a truncated Huffman code. It 
includes a transition detector 20 which receives the scan 
data DA at its input The detector 29 detects changes 
from level 0 to level i and from level 1 to level 0 in the 
string of scan data bits DA, and thus detects changes 
between scanned black and white runs. The detector 
delivers a short pulse, e. g. at logic level i, in response to 
each detection. The transition detector 20 is connected 
to a bistable 21, called a colour bistable, having an out» 
put Q whose l or 0 state is changed at each transition 
detection and is thus representative of the colour of the 
run de?ned by the data DA then being received by the 
detector. A counter circuit 22 receives pulses at the rate 
HC of the data DA as applied to the coder, and counts 
the lengths of the runs independently of the colour as 
defined by the bistable 21. The counter circuit 22 is 
connected to an oscillator 23 via a logic AND gate 24 
which is controlled by the signal which appears at the 
output of a bistable 25. The bistable 25 is known as a 
blocking bistable, and is connected via an OR gate 19 
for its Q output to be reset to 0 either by the transition 
detector 26 on each detected transition or by a circuit 
which is described in greater detail below. The bistable 
25 is connected for its Q output to be set to l by a signal 
which will also described below. From the oscillator 23 
which delivers a clock signal at, for example, B 5 MHZ, 
the AND gate 24 delivers pulses which constitute the 
clock signal of the coder HC as applied to the circuit 22. 
The counter circuit 22 has a counting capacity of 1728 
which corresponds to a resolution of 1728 points per 
scan line. The counter circuit 22 thus de?nes the succes 
sive run lengths de?ned in the data DA. When the run 
currently being measured comes to its end, the AND 
gate 24 is closed from the detector 20 via the blocking 
bistable 25. The components 19 to 25 constitute means 
for converting the scan data DA into binary words 
representative of successive run lengths and referred to 
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6 
as run-length words; these run-lengths words are deliv 
ered on parallel outputs of the counter circuit 22 which 
are represented as a pair of parallel lines together with 
an arrow. 

The coder comprises a set of combinatorial logic 
circuits 26, preferably of programmable logic array 
(PLA) type, programmed to transcode the run length 
words which it receives from the counter circuit 22 into 
other words in accordance with a chosen. truncated 
Huffman code. The set of circuits 26 receives the run 
length words from the counter circuit 22 via a switch 
ing circuit 27. - 

in the example shown, a counter circuit 22 comprises 
two counters: a first designated by reference 28 is a 
divide-by-64 counter; the other designated by the refer 
ence 29 is a divide-by-27 counter, this arrangement 
results from the number of scan points in a scan line, in 
this case equal to 1728, and from the chosen truncated 
Huffman code. The divide‘by-tid counter 28 receives 
the clock signal HQ and counts through 0 to 63. The 
divide-by-27 counter 29 is connected to the output in 
dicative of the zero states of the counter 28 and thus 
counts successive passages through 0 of the counter 28 
within a single run. For any one given run, the mea 
sured length is given by the counter 29 which indicates 
the number of multiples of 64 that are detected, thus 
constituting a detector of 64 unit lengths in the run, and 
by the counter 28 which provides an accurate measure 
of the remainder of the run of length less than 64. 
The switching circuit 27, represented by a simple 

switch, may be considered as being a multiple switch 
having as many paths as there are outputs from the 
counter 28. The circuit 27 serves to transfer the state of 

_ the counter 28 onto the parallel inputs of the set 26, 
there being as many inputs as there are outputs from the 
counter 28, or alternatively it transfers the state of the 
counter 29 onto respective less signi?cant ones of the 
preceding inputs to the set 26, the other inputs not being 
used in this case. 
The set of combinatorial logic circuits 26 also has a 

?rst supplementary input, its “colour" input, connected 
to the output of the colour bistable 21 which supplies 

‘ data indicative of the colour of the measured run length 
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to be processed, and a second supplementary input to 
receive, as will be explained below, data concerning the 
position of the switching circuit 27. The set of combina 
torial logic circuits 26, can, for example, be constituted 
by PLA circuits such as those sold under the reference 
82 5100 by the ?rm La Radiotechnique-Compelec. All 
the circuits constituting the coder can be implemented 
as a single integrated circuit fabricated specially for the 
purpose. In this case, the combinatorial logic circuits 
are de?ned from coding tables expressed in canonical 
form of the logic sums and products of its input vari 
ables. The set of circuits 26 is programmed to transcode 
each of the run length words delivered by the circuit 22 
in the manner shown below in table I for detected white 
runs and in table It for detected black runs. The trans 
coding performed by this set, gives in tables l and II, 
uses a truncated Huffman code. In order to simplify 
understanding of these tables the run length words 
therein are shown in decimal form. For each run length, 
the programmed set 26 takes the binary form of the 
word indicative of the measured run length as received 
together with run colour bit and deduces therefrom the 
corresponding word oi‘ variable length shown in the 
tables. It can thus be seen from tables I and II that this 
transcoding reduces redundancy, firstly by assigning 
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words of variable length to the measured runs, the TABLE Lcominued 
words of dlfferent run lengths being different from each I ‘ 
other and also being different for runs of the same w DE 

lengths but of different colour‘, ‘and secondly by ensur- DA DE end DA DE end DA Composing" 
mg that the higher the probab1l1ty that a run of a given 5 run code nm code run Code 
length appearing the shorter the word attributed lengths words lengths words lengths words 
thereto- 22 0000011 54 00100101 1472 010011000 

. . 23 0000100 55 01011000 1536 010011001 
'Ijhe relationshlp between the length of each black or 24 0101000 56 mm 1001 1600 moonmo 

white run of the scan data DA (expressed for slmpli?ca- 1O 25 0101011 57 01011010 1664 011000 
tion in decimal and not in binary notation in the tables) 26 0010011 58 01011011 1728 010011011 
and the resulting transcoded word using this truncated 27 0100100 59 01001010 

. 28 0011000 60 01001011 
Huffman code 15 as follows: 29 W10 61 00110010 

30 00000011 62 00110011 
15 31 00011010 63 00110100 

TABLE II 

BLACK RUNS 

DA DE end DA DE end DA DE composition 
run lengths code words run lengths code words run lengths code words 

0 0000110111 32 000001101010 04 0000001111 
1 010 33 000001101011 128 000011001000 
2 11 34 000011010010 192 000011001001 
3 10 35 000011010011 256 000001011011 
4 011 36 000011010100 320 000000110011 
5 0011 37 000011010101 3S4 000000110100 
6 0010 38 000011010110 44!; 000000110101 
7 00011 39 000011010111 512 0000001101100 
1; 000101 40 000001101100 576 0000001101101 
9 000100 41 000001101101 640 0000001001010 
10 0000100 42 000011011010 704 0000001001011 
11 0000101 43 000011011011 768 0000001001100 
12 0000111 44 000001010100 832 0000001001101 
13 00000100 45 000001010101 896 0000001110010 
14 00000111 46 000001010110 960 0000001110011 
15 000011000 47 000001010111 1024 0000001110100 
16 0000010111 43 000001100100 1088 0000001110101 
17 0000011000 49 000001100101 1152 0000001110110 
18 0000001000 50 000001010010 1216 0000001110111 
19 00001100111 51 000001010011 1280 0000001010010 
20 00001101000 52 000000100100 1344 0000001010011 
21 00001101100 53 000000110111 1408 0000001010100 
22 00000110111 54 000000111000 1472 0000001010101 
23 00000101000 55 000000100111 1536 0000001011010 
24 00000010111 56 000000101000 1600 0000001011011 
25 00000011000 57 000001011000 1664 0000001100100 
26 0000111101010 58 000001011001 1728 0000001100101 
27 000011001011 59 000000101011 
28 000011001100 60 000000101100 
29 000011001101 61 000001011010 
30 000001101000 62 000001100110 
31 000001101001 63 000001100111 

TABLE I The coding performed by the set 26 attributes a word 
__W._H._|T..E R__UN5 _ known as an end code word in Huffman code to mea 

DE ‘ - 

DA DE end DA DE and DA composition 50 suredhruns whose lelngths are less than a de?ned limit 
run code "m code nm code engt (in this case a eng‘th of 64 bits), while it attributes 

lengths words lengths words lengths words words known as composition code words to runs whose 
0 00110101 32 00011011 64 1101] lengths are equal to or greater than the said limit. It is in 
1 000111 33 00010010 128 10010 order to perform this transcoding into composition 
2 0111 34 00010011 192 0101" code words corresponding to measurements by portions 
3 1000 35 00010100 256 0] 10m 55 of run length, and/or end code words corresponding to 
4 1011 36 00010101 320 00110110 . 
5 H00 37 000mm 334 001mm detail measurement of runs or parts or runs shorter than 
6 1110 38 00010111 448 01100100 64 bits, that the counter circuit 22 is constituted by the 
7 1111 39 00101000 512 01100101 two counters 28 and 29 mentioned above. 
3 10011 40 0010mm 576 01101000 The counters 28 and 29, as connected to the set 26 via 
9 10100 41 00101010 640 01100111 60 . . . . 

10 mm 42 001010“ 704 [momma the switching clrcult 27, are arranged when a run of 
11 01000 43 00101100 768 011001101 uniform colour is being measured, to start by delivering 
12 001000 44 00101101 1332 011910010 the composition word representing the state of the di 
13 000011 45 00000100 396 (“moon vide-by-27 counter 29 in the event that this state is not 
14 110100 46 00000101 960 011010100 . . . . 

‘5 “01m 47 00001010 ‘024 01101010, zero. After establishlng the composition word, the 
16 101010 48 00001011 1038 011010110 65 coder forms the end word on the basis ofthe state ofthe 
17 101ml 49 01010010 1152 011910111 divide-by-64 counter 28. When the measurement of the 
18 0100111 50 010100“ 1216 011011000 length of a run of uniform colour has no effect on the 
19 0001100 51 01010100 1280 011011001 . . . l h 
20 0001000 52 01010101 [344 0! 1011010 state of the d1v1de-by-27 counter 29 (the run is ess 1 an 
21 0010111 53 00100100 14013 011011011 04 bits long; the divide-by-27 counter 15 at zero) the end 



4,311,989 
9 

word is formed directly from the state of the divide-by 
64 counter 28. For example: 
a black run of length 15 is coded as 000011000 
a white run of length 15 is coded as ll0l0l 
a white run of length 356 is coded as 001 I01 lOOODlOlOl 

(the composition code word corresponding to the 
length 320 followed by the end code word corre 
sponding to the length 36) 
white run of length 1728 is coded as 

OlOQllOllOOllOiOl (composition word correspond’ 
ing to the length 1728 followed by the end code 
word corresponding to the length 0). 
In this transcoding to a terminal code word or to a 

composition code word followed by the appropriate 
terminal code word, the zero state of the divide-by-27 
counter 29, sets the position of the switching circuit 27 
to the output of the divide-by-64 counter 28 until the 
divide-by-27 counter 29 moves to a non-zero state, in 
which case the switching circuit 2'? is set to the outputs 
of the counter 29 for its initial state to be the first one to 
be considered. This control of the switching circuit 27 is 
symbolized in FIG. 2 by a special link 30 between the 
counter 29 and the switching circuit 27 for conveyingv 
information concerning the state of the counter 29 to 
the switching circuit in the form of a logical signal 
whose level is, for example, one when the counter 29 is 
in the zero state and zero otherwise. This data concern 
ing the state of the counter 29, and thus indicative of the 
position of the switching circuit 27, is also applied to the 
second supplementary input to the set of combinatorial 
logic circuits 26. . 

An auxiliary set of combinatorial logic circuits 26', 
also preferably of the PLA type, is associated with the 
set 26. The auxilairy set 26' is connected to counters 28 
and 29 via the switching circuit 27. It is programmed to 
transcode each received run length word from either of 
these counters into another word representative of the 
length or number of bits in the coded word (as deter 
mined by thevset 26) corresponding to the orginal run 
length word. The auxilairy set 26' is also connected, like 
the set 26, to the output of the colour bistable 21 and to 
the link 30. 
The coding circuit further includes at the output oi‘ 

the set of combinatorial logic circuits 26, an output 
register 32 and, at the output of the auxiliary set of 
combinatorial set of logic circuits 26’, a presettable 
counter 31. 

The output register 32 is‘ a shift register which is 
loaded in parallel with the code word determined by 
the set 26 and shifted by a clock signal from the modula 
tor/demodulator, not shown, of the transmitter equip 
ment. This signal determines a rate Hm for delivering 
the bits of the successive code words in series to form 
the coded data DC. ‘The register 32 receives the cloclt 
signal at rate Hm via an AND gate 9 which is con 

‘ trolled by a signal which is explained below and is ar 
ranged to close the gate during transmission of the line 
synchronising word. The presettable counter 31 re 
ceives the length or number of bits in each code word 
from the auxiliary set of combinatorial logic circuits 26' 
(Le. the length of the composition code or the and code 
as the case might be) and it stores this number. The 
counter 31 receives the clock signal at rate Hm via the 
AND gate 9 and counts down while the shift register 32 
is shifting out data at the rate Hm. An output delivering 
data signi?cant of the zero state of the counter 31 is 
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connected to the load enable input of the output register 
32 and also to the preset enable input of the counter 31 
to receive a new code word. This output supplying data 
indicative of the zero state of the counter 31 is also 
connected to the divide-by-27 counter 29 to reset it to 
zero where necessary and to an AND gate 33 and the 
AND gate 33 is also connected to the link 30 supplying 
the data indicative of the state of the dividei-by-27 
counter 29. The output of the AND gate 33 has a logic 
1 state when both the divide-by-27 counter 29 and the 
presettable counter 31 are in the zero state. Since the 
zero state of the counter 31 leads immediately to its 
being preset from the set of circuit 26, the signal at the 
output of the AND gate 33 is constituted by a series of 
short pulses at level 1. These pulses, each indicative of 
a terminal code word being loaded into the register 32, 
are applied to the divide-by-64 counter 28 to reset it to 
zero and to the blocking bistable 25 to set in i.e. put its 
output into the 1 state. 
A divide-by-l728 counter 34 for counting the 1728 

points or bits along a scan line, receives the clock signal 
of the coder at the rate HC. As it counts through 1728, 
the counter 34 delivers a line advance pulse ALA to the 
document scanner not shown, of the transmitter equip 
ment. The pulse ALA is also applied to reset the 
counter 3a to zero. 
The output of the counter 34 which delivers the ALA 

pulses (at logic level 1 for example) is connected in the 
coder to the blocking bistable 25 via the OR gate 19 in 
order to reset the blocking bistable to zero (is. to put its 
Q output to zero) at each ALA pulse; thus each time the 
counter34 arrives at 1728 it causes the AND gate 2‘ to 
be closed. 
For each quantity of scan data DA corresponding to 

one scan line, the pulses ALA are also used in the coder 
to initialize the output of the memory 10 to a given logic 
level and to set the colour bistable 21 to a given state, 
thereby enabling the coder to begin processing every 
line with a run of a predetermined colour e.g. white 
(and if in practice the first run is black, then the coder 
will begin processing with an initial white run of length 
zero). The pulses ALA also used to cause the line, syn 
chronizing word to be added to each string of coded 
data DC that corresponds to one scan line. 

. For these purposes, the output of the counter 34 is 
connected to a “one" input of a ?rst bistable 12 to set 
that bistable to the one state, and to a "zero" input of a 
second bistable 13 for resetting the bistable 12 to the 
zero state each time the counter 34 arrives at 1728. The 
signal at the Q output of the bistable 12 is applied to 
control an AND gate 14 which also receives the pulses 
delivered from the AND gate 33. The output of the 
AND gate 14 is set back to a "zero" input of the bistable 
12 to reset it to zero. Thus the AND gate 14 only allows 
the ?rst pulse delivered by the AND gate 33 after each 
passage of the counter 34 through 1728. Pulses passed 
by the AND gate 14 are applied to the colour bistable 
21 to reset it to a given state, level i in the present 
example, and to the bistable 13 to set it to level i. The 
signal at the Q output of the bistable 13 is applied to a 
supplementary input to the memory 10 to force the 
logic level of the output of the memory 10 to a given 
value, 0 in the present example, while said signal is itself 
at level zero, i.e. during the time interval that separates 
each passage of the counter 34 through 1728 from the 
?rst following instant at which both the divide-by-27 
counter 29 and the presettable counter 31 are simulta 
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neously in the zero state. To this end, an AND gate (not 
shown) is placed at the output of the memory 10 and 
controlled by the signal at the output of the bistable 13 
as applied to the said supplementary input. The output 
of the AND gate 14 is also connected to a "one” input 
of a bistable 15 to reset it to the 1 state each time said 
gate delivers a pulse. The output signal of the bistable 15 
controls an AND gate 16 which is also connected to the 
output of the counter 31 that delivers data indicative of 
the zero state of the said counter. The AND gate 16 is 
connected back to the zero input of the bistable 15 to 
reset it to the zero state, since the AND gate 16 delivers 
a short level 1 pulse during the ?rst passage through 
zero of the counter 31 that occurs after each appearance 
of a pulse at the output via the AND gate 14. The out 
put of the AND gate 16 is connected to a control input 
of a binary word generator 17 which generates the line 
synchronising word. The generator 17 receives the 
modulator clock signal Hm on another input. In re 
sponse to each pulse received from the AND gate 16, 
the generator 17 provides the bits of the line synchro 
nizing word in series at the rate Hm. The line synchro 
nizing word may be constituted for example by eleven 
successive 0s followed by a 1, FIG. 1. On an auxiliary 
output the generator supplies a signal for closing the 
AND gate 9 for the duration of the emission of the line 
synchronizing word, thereby interrupting the applica 
tion of the clock signal at rate Hm to the output register 
32 and to the presettable counter 31. The signal on the 
auxiliary output of the generator 17 is applied to an 
other AND gate 9' which is also connected to the out 
put of the register 32 to for the output of the gate 9' to 
logic level 0 during the period for which the line syn 
chronizing word is being emitted. 
An OR gate 18 having a ?rst input connected to the 

generator 17 to receive the synchronizing word and a 
second input connected via the AND gate 9‘ to the 
output register 32 to receive the data DC, delivers the 
data DE, which (after re-sampling in a re-sampling 
bistable (not shown) driven by the clock signal Hm) is 
applied to the modulator for transmission to line. 

In coder mode, and during the processing of a scan 
line, with runs being measured by the counters 28 and 
29, and before the counter 34 has reached 1728, the 
transistion detector 20 interrupts the clock signal from 
the oscillator 23 by means of the blocking bistable 25 
and the AND gate 24; the clock signal of the output of 
the AND gate 24 at the rate HC thus includes period of 
inactivity for “holes”. The non-zero state of the divide 
by-27 counter 29 keeps the AND gate 33 and the bista 
ble 25 blocked and thus interrupts the clock signal of the 
coder at the rate HC. The data DA is no longer read 
from the memory 10 in read mode. Because of the non 
zero state of the divide-by-27 counter 29, the switching 
circuit 27 is sent to the output of the counter 29 whose 
state is thus applied to the set of combinatorial logic 
circuits 26 and also to the set 26'. During this time, the 
register 32 which is loaded with the end code word of 
the preceding run to be processed, outputs its data via 
the AND gate 9' at the rate Hm as received via the 
AND gate 9 while the counter 31 counts down at the 
same rate from the length of this code word with which 
it was preset. 
When the counter 31 returns to zero, it causes the 

register 32 to be loaded with the code word correspond 
ing to the state of the divide-by-27 counter 29 and the 
length of this word to be preset in the counter 31. The 
register 32 then delivers the new code word at the rate 
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Hm while the counter 31 counts down from its new 
initial values. Further, the passage through 0 of the 
counter 31 simultaneously causes the divide-by-27 
counter 29 to be reset to zero (after a short delay to 
avoid taking chances, the delay being provided by two 
inverters, not shown, connected in series with the reset 
to zero input of the counter 29, for example), thereby 
resetting the switching circuit 27 to the outputs of the 
divide-by-64 counter 28, whose state is thus applied to 
the set of combinatorial logic circuits 26 and to the 
auxiliary set 26'. Since the AND gate 24 remains closed, 
no pulse appears at the output of the AND gate 33. 
When the counter 31 again passes through zero, the 

code word corresponding to the state of the divide-by 
64 counter 28 is loaded into the register 32 while the 
counter 31 is set to the length of this new word. Fur 
ther, the simultaneous zero state of the counters 31 and 
29 opens the AND gate 33, thereby setting the divide 
by-64 counter 23 to zero and activating, i.e. setting to l, 
the bistable 25. The coder clock at rate HC is un 
blocked. The data DA is again read at the rate HC from 
the memory 10 and a new run is measured. The register 
32 is read at the rate Hm while the counter 31 returns to 
zero to enable a new word to be received in the output 
register 32. When the counter 34 arrives at 1728, the 
pulse ALA which it then generates closes the AND 
gate 24 by means of the blocking bistable 25 and thereby 
interrupts the clock signal of the coder at the rate HC. 
The counter circuit 22 then contains the length of the 
last run of the scan line being processed. The arrival of 
the counter 24 at state 1728, which also causes the bista 
ble 12 to take up the 1 state and causes logic level 0 to 
appear at the output memory 10 by resetting the bistable 
13 to the 0 state, takes place while the register 32 is 
shifting out the end code word for the penultimate run 
of the scan line in question. While the end code word 
for the last run is being loaded into the register 32, and 
while the length‘ of this word is being stored in the 
counter 31, ie when the counter 31 returns to zero after 
shifting out the end code of the penultimate run or, as 
the case may be, the composition code of the last run, 
the pulse delivered by the AND gate 33 passes via the 
AND gate 14 and initialises the colour bistable 21 to the 
1 state, and ceases maintaining a forced O at the output 
of the memory 10 by setting the bistable 13 to the 1 state 
and sets the bistable 15 to the 1 state. 

If the ?rst data DA from the following scan line is a 
1 (black point) putting the bistable 13 in the 1 state 
causes the output of the memory 10 to change state; the 
blocking bistable 25, after being put into the 1 state by 
the pulse at the output of the AND gate 33, is immedi 
ately reset to the zero state by the transition detector 20 
which also sets the colour bistable 21 to the zero state; 
the counter 28 which is also reset to zero by the same 
pulse, remains at zero as does the counter 29. The set of 
logic circuits 26 thus encodes a white run of zero length. 
If the ?rst data DA of the following scan line is zero (a 
white point), putting the bistable 23 into the 1 state does 
not cause the output of the memory 10 to change state; 
the coder will then process the ?rst run of this new line. 

Meanwhile, the register 32 is shifting out the end 
code word of the last run of the preceding scan line at 
the rate Hm and the counter 31 is counting down the 
same rate. When the counter 31 reaches zero, the ?rst 
code word for the new scan line is loaded into the regis 
ter 32, and the length of this ?rst word is stored in the 
counter 31 while the AND gate 16 delivers a control 
pulse to the generator 17. The generator 17 then shifts 
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out the synchronizing word at the rate Hm while pre 
venting, by means of the gate 9, the register 32 and the 
counter 31 from changing state and while inhibiting, via 
gate 9', the output of the register 32. After the synchro 
nising word has been sent, the generator 17 releases 
gates 9 and 9', the register 32 shifts out at the rate Hm, 
while the counter 31 returns to zero to enable a new 
word to be received in the output register 32. 
The data DE is thus transmitted at a regular rate Hm. 

The rate HC (5 MHz with interruptions between runs) 
makes it possible for the data DE to be transmitted at a 
regular rate of Hm equals ‘2,400 bits per second. 
With the above values for the rates HC et Hm. the 

run lengths are measured during the time that separates 
two clock pulses of the modulator. Nonetheless, it 
would be possible using the coder of FIG. 2 for the run 
lengths to be measured over two periods of the modula 
tor clock signal since the shortest code word in the 
chosen code is two bits long. 
FIG. 3 shows a decoder based on the coder of FIG. 

2 along the lines of FIG. I. In order to underline the 
analogy between the circuit of FIG. 2 and the circuit of 
FIG. 3, the components in FIG. 3 which are compara 
ble or identical to those of FIG. 2 are designated by 
references having the same tens and units digits to those 
used in FIG. 2. 
The decoder forms part of a receiving equipment for 

facsimile signals transmitted from a transmitter equip 
ment using a coder analagous to the coder described 
above. In addition to the decoder, the receiving equip 
ment, not shown, includes a demodulator, delivering a 
clock signal Hdrn at the rate of received data DR for 
decoding and a printer circuit for reproducing the doc 
ument at the scan rate of the successive lines on the basis 
of print data D! itself as derived from the decoded data 
DR. 
The decoder in F16. 3 includes an input register 110 

for the received data DR. for decoding; this register 
comprises a shift register which is loaded in series by 
the bits constituting the data DR at the rate of the clock 
signal Hdrn delivered by the demodulator circuit of the 
receiver equipment. The parallel outputs of the register 
110 are connected to a ?rst group of parallel inputs to a 
comparator 35. A counter 111 is associated with the 
register 110; it receives the clock signal Hdm at its input 
and its state thus defines the length of the word to be 
decoded as formed by the data DR contained in the 
register 110. The state of the counter 111 is applied to 
the comparator 35. The decoder further comprises a 
counter 122 whose counting capacity is such that its 
state is capable of de?ning the longest word of the ion 
gest possible run, i.e. 1728 in this case; it is constituted 
by two counters 128 and 129. The counter 128 counts 
through states 0 to 63 and receives a fast clock signal 
HR. The counter 129 counts through states 0 to 27 and 
records the successive passages through 0 of the 
counter 128 as it is counting. 
The counters 128 and 129 are connected via a switch 

ing circuit 127 to a set of programmed combinatorial 
logic circuits 126 for coding the words received from 
the counters into words encoded using the truncated 
Huffman code chosen for the coder. The counters 128 
and 129 are also connected via the switching circuit 127 
to an auxiliary set of combinatorial logic circuits 126’, 
preferably of the PLA type, and programmed to encode 
each word received from one or other of the counters 
into another word representative ol'gthe length of the 
corresponding code word as determined by the set 126. 
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14 
A link 130 conveying a logic signal indicative of the 
zero state (by a logic level 1 in this case) or non-zero 
state (in this case by a logic level 0) of the counter 129; 
depending on whether the state of the counter 129 is 
zero or not, the switching circuit 127 connects the 
counter 128 or the counter 129 respectively to the set 
126. The set 126 and the auxiliary set 126‘ also receive, 
via the link 130, this signal indicative of the zero or 
non-zero state of the counter 129. The outputs of the set 
126 are applied to a second group of parallel inputs to 
the comparator 35 which also receives the words deliv 
ered by the auxiliary set 126‘. The comparator 35 com 
pares the two words present on its ?rst and second 
groups of inputs respectively; the number of inputs in 
the first group which are taken into account for the 
comparison (starting from the least signi?cant input) is 
determined by the state of the counter 111 and the num 
ber of inputs of the second group to be taken into ac 
count for the comparison (starting from the least signi? 
cant input likewise) is determined by the word indica 
tive of the length of the code word as delivered by the 
auxiliary set 126’ (naturally, if the two lengths de?ned 
by the auxiliary set 126‘ and the counter 111 are differ 
eat, the comparator detects non'identity). The compar 
ator 35 delivers a logic signal, in this case level l, when 
it detects identity between the two words compared 
and a logic signal level zero when it detects non-identity 
between these two words. 
The fast clock signal HR is obtained from an oscilla 

tor 123 whose output is connected via an AND gate 124 
to a count input of the circuit 122. The AND gate 124 
is controlled by the signal at the Q output of a blocking 
bistable 125. The bistable 125 has a “set to zero" input 
connected to the output of the comparator 35: the Q 
output is set to zero when the comparator 35 detects 
identity between the words it is comparing. The bistable 
125 has a “set to one” input controlled by the zero state 
of the counting circuit 122, this “set to one” control for 
the Q output of the bistable 125 is indicated by a link 
130’ which conveys a logic signal of level 1 or 0 accord 
ing to whether the counters 128 and 129 of the circuit 
122 are simultaneously in the zero state or not. The 

‘ output of the comparator 35 is also connected to the 
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counter 111 and to the input register 110 to reset them 
to zero each time it detects identity; this control is via an 
OR gate 38 which also receives a signal to be defined 
below. 
The decoder also includes a bistable, known as the 

colour bistable 121, which is controlled via an OR gate 
36, ?rstly by the output signal from the comparator 35; 
to change its state; each identity is detected between the 
two words compared by the comparator, i.e. at the end 
of decoding each composition code word or end code 
word received, and secondly by another signal ex 
plained below for changing its state a second time fol 
lowing the decoding of each received composition code 
word, before decoding the end code word is complete. 
The Q output of the bistable 121 is connected to one 
input of the set 126 and also to one input of the auxiliary 
set 126'; it supplies these sets with data concerning the 
colour of the corresponding run during the decoding 
opergtion for each received code word. The signal at 
the Q output of this bistable which alternates between 
levels I and 0, de?nes printing data D1 in association 
with the decoder clock signal HD. The signal BB is 
obtained from the oscillator 123 at the output of an 
AND gate 37. The AND gate 37 is connected to the 
oscillator and is controlled by the Q output of the bista 
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ble 125. The AND gate 37 is opened by the 6 output 
being at level I each time identity is detected between 
the two words compared by the comparator 35. The 
output of the AND gate 37 is connected to a count 
down input of the counting circuit 122. When the 
counters 128 and 129 are at zero, the 6 output of the 
bistable 125 goes to the zero state: the AND gate 37 is 
closed and the decoder clock signal HD interrupted. 

It will be observed here that, to avoid any risk of the 
decoder clock signal HD being started when not re 
quired during the decoding of an (end) code word relat 
ing to a zero length run, the set to “zero” input of the 
blocking bistable 125 is provided in practice with an 
inhibitor circuit (not shown) controlled by an AND 
gate (not shown) connected both to the output of the 
comparator 35 and to the link 130’, in order to inhibit 
any set to zero instruction applied to the bistable 125 
from the comparator 35 so that the counting circuit 122 
is simultaneously in the zero state. 
To control the colour bistable 121, the signal indica 

tive of the zero or non-zero state of the counter 129 as 
transmited by the length 130 is applied to a ?rst input, 
an inverting input, of an AND gate 39 which has a 
second input connected to the output of the comparator 
35. The output of the gate 39 is connected to “set to 
one” input of a bistable 55 to set that bistable to the one 
state each time that the comparator 35 detects identity 
while the counter 129 is not at zero. The Q-output of the 
bistable 55 is connected to an AND gate 56 which is 
also connected to the link 130' that conveys the signal 
indicative of zero or non-zero state of the counter cir 
cuit 122. The output of the AND gate 56 is connected to 
the reset to zero input of the bistable 55 to reset this 
bistable to zero each time that the counter circuit 122 
arrives at the zero state while the bistable 55 is in the 
one state. The output signal from the AND gate 56 is 
applied to the colour bistable 121 via an OR gate 36 to 
change the state of this bistable at the ?rst return to zero 
of the counter circuit 122 after each detection of iden 
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tity by the comparator 35 and providing that the state of 40 
the counter 129 is not simultaneously zero i.e. at the end 
of transmission to the print circuit of each string of data 
DI corresponding to a composition code word. 

Further, the colour bistable is initialized at the begin 
ning of each print line, i.e. it is set into a de?ned state in 
order to begin each line by processing a code word 
relating to a run of a de?ned colour, i.e. white in the 
present example. The bistable 121 is initialized under the 
control of a binary word recognition circuit 57 which 
receives the data DR and the clock rate signal Hdm and 
is arranged to recognise the line synchronizing word in 
the data DR. On recognition, the circuit 57 delivers a 
pulse called the print line feed instruction ALI which is 
delivered to the print circuit to cause it to change print 
lines and, also, to force the colour bistable 121 into a 
given state, in this case zero, representatives of the said 
de?ned colour. This pulse ALI also resets the counter 
111 to zero and the input register 110 to zero both by 
means of an OR gate 38. 

In operation, the counter circuit 122 counts fast clock 
pulses HR delivered by the AND gate 124. The code 
words coming from the set 126 representative of the 
successive states of the counters 128 and 129 after cod 
ing, are compared with the word de?ned by the data 
DR contained in the register 110. When the comparator 
detects identity between the words it is comparing, the 
contents of the counter circuit 122 indicate the run 
length corresponding to the code word then present in 
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the input register. The colour bistable 121 changes state 
so that the level at its output 6 then de?nes the colour 
of the run corresponding to the code word. If the 
switching circuit 127 is positioned on the outputs of the 
counter 129 when identity is detected, the word con 
tained in the input register is a composition code word. 
It will therefore be followed by an end code word relat 
ing to a run of the same colour. After the bistable 121 
had changed state, the colour data applied by this bista 
ble (via its Q output) to the set 126 and 126' indicates a 
different colour. During such detection, the bistable 55 
is set to one in order to cause the colour bistable 121 to 
change state again before the end word is decoded. If 
the switching circuit 127 is connected to the outputs of 
the counter 128 when identity is detected, the word 
contained in the input register is an end code word and 
the bistable 55 remains in the zero state. Regardless of 
whether a composition code word or an end code word 
(relating to an non-zero run length) is being decoded, 
the comparator ens'ures at each detected identity that 
the fast pulses HR counted by the circuit 122 are inter 
rupted and the decoder clock signal HD is enabled for 
writing print data Dl at the rate HD. The contents of 
the circuit 122 is then decremented and it counts down 
until it is zero; when the circuit 122 regains the zero 
state, the bistable 125 has its Q output set to one and the 
colour bistable 121 only changes state if the bistable 55 
is simultaneously in the one state. Each time the com 
parator 35 detects an identity, the counter 111 is also 
reset to zero in order to make another measurement of 
the length of the new word to be decoded de?ned in the 
following data DR; likewise the input register 110 is 
reset to zero. 

The state of the counter circuit 122 runs through all 
possible values during the interval of time where it 
stands between two pulses at the rate Hdm (the rate 
I-Idrn is 2400 bits per second while the fast clock signal 
is at 5 MHz). If no identity is detected by the compara 
tor 35 a new data bit DR is received in the register 110 
and is counted in the associated counter 111. As soon as 
an identity is detected by the comparator, the counter 
circuit 122 counts down to zero in order to de?ne the 
data DI. The length of time required for the operations 
both of decoding a received code word and then send 
ing corresponding print data DI to the printer circuit is 
always less than two periods of the Hdm clock signal in 
this case, thereby making it possible to perform both of 
these operations for each received code word before the 
end of the reception of the following code word in the 
present example where the chosen code’s shortest word 
is two bits long. Naturally, slight modi?cations to the 
circuit illustrated, in particular, adding supplementary 
registers, would make it possible to store the state of the 
counters 128 and 129, in particular adding supplemen 
tary registers, would make it possible to store the state 
of the counters 128 and 129 and to deliver data DI while 
receiving and decoding the following coded word from 
the data DR. 
FIGS. 4 and 5 show a variant with respect to FIGS. 

2 and 3, of a decoder having a transcoding circuit pro 
grammed for decoding received code words and a 
coder having a transcoding circuit constituted by that 
of the decoder. As in FIGS. 2 and 3, the decoder and 
the coder are associated respectively with a device 
receiving the print data DI or a scan device providing 
the scan data DA, and with a demodulator or a modula 
tor providing a clock signal I-Idm at the rate of the 
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received data DR or a clock signal Hm at the rate of the 
transmitted data DE. 
The decoder in FIG. 4 receives data DR at its input 

at the rate Hdrn of the associated demodulator clock 
{not shown). It includes an input register 40 which 
receives the data DR in series at the rate Hdm, and 
constituted by a shift register which is shifted at the rate 
Hdrn. The register 40 has parallel outputs connected to 
parallel inputs of a set of combinatorial logic circuits 41 
of the PLA type, programmed to recognize the words 
received from the register 40 and to transcode them into 
corresponding run length words. Thus, with reference 
to tables I and ll above, the set 41 recognizes end code 
words and composition code words that it receives and 
delivers via a group of outputs in parallel corresponding 
run length words for runs of less than 64 bits or run 
length words for runs in multiples of 64 bits. The set 41 
also delivers, via a ?rst supplementary output, a signal 
indicating recognition or non-recognition of an end 
code word (by a logic level 1 or O), and via a second 
supplementary output, a signal indicating recognition or 
non-recognition of a composition code word (by a logic 
level 1 or 0). 
A counter 44 receives the clock rate signal Hdrn and 

is associated with the register 40. its outputs are con 
nected to a second group of parallel inputs to the set 41. 
The counter determines the length of the code word 
present in the register 40 and supplies this data to the set 
41 which, in consequence, enables only’ those of its 
inputs which are connected to the appropriate outputs 
from the register 40. 
The decoder further includes a presettable counter 46 

whose maximum state is equal to the number of points 
along a scan line or a print line (1728 in this case). This 
counter has parallel inputs for receiving the number to 
which is to be preset, with the least significant parallel 
inputs 6 to 6 constituting a ?rst group and the more 
significant parallel inputs from 7 upwards constituting a 
second group. A switching circuit 42 connects the par 
allel outputs of the set 41 which supply the run length 
words to the first or to the second group of parallel 
inputs of the counter 46. The switching circuit 42 is 
controlled by the signal at the second supplementary 
output from the set 41: if the set recognizes a composi 
tion code word, the switching circuit 42 is positioned on 
the second group of parallel inputs to the counter 46 
and if it recognizes an end code word, the switching 
circuit is positioned on the ?rst group of parallel inputs 
to the counter 46, while in either case the remaining 
parallel inputs to the counter 46 are set to 0. The 
counter 46 has a load-enable input connected to the 
output of an OR gate 43 which receives a signal from 
the first supplementary output of the set 41 and also a 
signal from the second supplementary output there 
from: the counter 46 thus receives a load~enable instruc 
tion for each code word recognized by the set 41 
whether it is an end code or a compositin code word. In 
response thereto it stores the corresponding run length 
word as delivered by the set. If the code word is a 
composition code word, the counter 46 receives the 
corresponding run length word via the switching cir 
cuit 42 on its more signi?cant parallel inputs, and if the 
code word is an end code word it receives the c0rre~ 
spending run length word on its less signi?cant parallel 
inputs. in both cases the remaining parallel inputs re 
ceive O. The counter 46 is thus present to the run length 
corresponding to the recognized and decoded code 
word. 
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The output signal from the OR gate 43, which is 

applied to the load-enable input of the counter 46, is also 
applied, via an OR gate 49. which further receives a 
signal described below, to the counter 44 and to the 
input register 40 to reset them to l} (RAZ) after each 
code word has been recognized. 
The counter 46, is also connected, via an AND gate 

47, to an oscillator 48 having a frequency of 5 MHz for 
a clock rate Hdm of 4800 bits/s. The AND gate 47 has 
an inverted input which is connected to an output of the 
counter 46 in such a manner as to open the gate 47 when 
the counter 46 is in the non-zero'state. The signal deliv 
ered by the AND gate 47 constitutes the HD clock rate 
signal of the decoder, which, when applied to the pre 
settable counter 46, causes it to count down to zero. 
The output signal from the OR gate 43, as applied to 

the load-enable input of the presettable counter 46, is 
also applied, via an OR gate 58, to a bistable 45 which 
changes state each time the counter 46 receives a load 
enable signal, and thus constitutes a colour bistable. The 
bistable 45 also changes state under the control of a 
different signal received via the OR gate 58, whenever 
the counter 46 returns to zero after being preset to a run 
length corresponding to a decoded composition code 
word. This different signal is delivered by an AND gate 
59 which has one input connected to the Q output of a 
bistable 59' and another input connected to the output 
of the counter 46. The bistable 59' has a “set to one” 
input connected via a delay circuit (not shown and 
constituted, for example, by two inverters connected in 
series) to the second supplementary output of the set 41. 
The “reset to zero” input of the bistable 59' is connected 
to the output of the AND gate 59. The bistable 59’ is set 
to I each time that the set 41 recognises a new composi 
tion code word, but after a short delay to ensure that the 
counter 46 then being loaded is no longer at zero. The 
bistable 59' is reset to zero when the counter 46 returns 
to zero after counting down from the run lengths corre 
sponding to the decoded and recognized composition 
code word. The Q output of the bistable 45 is connected 
to an input of the set 41 to indicate the colour of the run 
length corresponding to the word to be decoded. The 
colour bistable 45 is also reset to zero on a signal applied 
thereto by the set 41 when the set 41 recognizes a syn 
chronisation word in the data DR. This same signal is 
also applied via the OR gate 49 to the counter 44 and to 
the register 40 to reset them to zero, and further consti 
tutes the signal for advancing one scan line ALl as 
applied to the printer. _ 
The decoded data BI is taken from the Q output of 

the colour bistable 45 and changes state at the rate HD. 
In operation, the colour bistable 45 is put into the zero 

state at the beginning of each printing scan line by the 
signal ALI. The colour bistable is thus systematically 
initialised to enable decoding of a code word relating to 
a run length of a predetermined colour (a white run). 
The set of combinatorialdogic circuits 41 receives this 
colour data at the beginning of the line together with 
the contents of the register 40 in order to recognize the 
successive code words and to decode them. 
The register 49, which is initially at zero, receives 

data DR at the rate Hdrn. The counter 44 is also intially 
at zero and its state indicates the number of bits in the 
data DR received by the register 48. At all times, the 
data DR loaded into the register 40 is applied to the set 
41, while at the same time the state of the counter 44 is 
also applied thereto, indicating the number of bits re 
ceived in the register and consequently enabling the 
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corresponding inputs to the set 41. Thus, for example, if 
a four-bit code word is received in the register 40, this 
word is accompanied in the register 40 by a series of 
zeros which will be ignored by the set 41 because the 
state of the counter 44 is at four and thus ensures that 
only the four least signi?cant inputs of the set 41 are 
enabled. 
When a code word is decoded, the corresponding run 

length expressed in binary form is loaded into the 
counter 46 and the colour bistable 45 changes state. If 
the word is a composition code word, the bistable 59' is 
set to 1, while if the word is and end code word the 
bistable 59’ remains in the zero state. In both cases, the 
counter 46 starts counting down at the rate of the signal 
HD which is applied thereto after loading, except, that 
is, in the event of an zero length run being preset. The 
decoder supplies print data DI deduced from the de 
coded code word and constituted by theQ output signal 
from the colour bistable 45 to the printer in association 
with the clock signal l-ID. When the counter 46 returns 
to zero, the clock signal HD is interrupted. If the word 
which has just been decoded is a composition code 
word, such a “return to zero” of the counter 46 also 
causes a second change of state of the colour bistable 45 
by means ofthe bistable 59’. The colour bistable 45 thus 
continues to apply the sme colour data via its Q output 
to the set 41 as it was applying during processing of the 
composition code word, thereby ensuring proper pro 
cessing of the end code word which follows the compo 
sition code word to make up its length. If the word 
which has just been decoded is an end code word, the 
next code word to be received will concern a new run 
(i.e; of a different colour); in this case, the counter 46 
returning to zero does not cause a second change in the 
state of the colour bistable 45. 
FIG. 5 shows a coder based on the decoder of FIG. 

4 in accordance with the circuit shown in FIG. 1. In 
FIG. 5, some of the circuits have the same function as 
circuits appearing in FIGS. 2,3 and 4, and are therefore 
designated therein by references whose tens and units 
digits are the same. Likewise this coder is considered to 
be receiving scan data DA at a coder clock rate HC, to 
be determining coded data DC therefrom, and to be 
delivering transmit data DE for transmission to a modu 
lator (not shown) at a modulator clock rate Hm, the 
transmit data DE being constituted by the coded data 
DC corresponding to succesive scan lines, the scan lines 
being separated from one another by a predetermined 
word i.e. a line synchronization word. 
The coder includes a transition detector 220 receiv 

ing at its input the scan data DA from a memory 210 at 
a coder clock rate HC, and delivering a signal indicative 
of changes in the scanned run. The transition detector 
220 is connected to a colour bistable 245, whose Q 
output provides data concerning the colour of succes 
sive scan runs. A counter circuit 222 whose counting 
capacity is chosen to be equal to the number of points 
along a scan line receives the coder clock signal HC. In 
this case the counter circuit has a capacity of 1728 and 
is constituted by two counters; a ?rst one of these 
counters 228 receives the signal HC and counts through 
state 0 to 63, while the other counter 229 detects the 
successive passages through zero of the counter 228, 
and the state of the second counter 229 can count up to 
27. The counter circuit 222 is connected to an oscillator 
223 via an AND gate 224 which supplies the coder 
clock signal HC. The AND gate 224 is opened by the Q 
output signal from a blocking bistable 225. The output 
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of the detector 220 is connected, via an OR gate 219, to 
a “reset to zero" input of the blocking bistable 225, to 
reset its Q output to zero at each transition detected by 
the detector 220. The bistable is set to one by a signal 
described below. The signal HC is thus delivered by the 
oscillator 223 during periods for which the Q output of 
the blocking bistable 225 is at level 1. The signal HC 
supplies the clock rate of the scan data DA taken from 
the memory 210, and serves to measure the length of 
each scan run by means of the counter circuit 22, the 
colour of the measured run being given by the Q output 
of the bistable 245. 
The measured run length word contained in the cir 

cuit 222 is formed of one word contained in the counter 
229, corresponding to a multiple of 64, and one word 
contained in the counter 228 and not exceeding 63. 
A controlled switching circuit 227 connects the par 

allel output of one or other of the counters 228 and 229 
to a first group of parallel inputs of a comparator 50. 
The switching circuit is controlled by an output signal 
from the counter 229 indicated by a connection 230. 
When the counter 229 is not in the zero state the switch 
in g circuit applies the contents of the counter 229 to the 
comparator, while when the counter 229 is in the zero 
state, it is the contents of the counter 228 which is ap 
plied to the comparator. The coder includes a set of 
combinatorial-logic circuits 241, identical to the set 41 
(FIG. 4) and of the PLA type. This set of circuits is 
programmed to decode code words (i.e. end code 
words or composition code words) as applied thereto, 
and thus to deliver decoded words (run length words). 
The set 241 has parallel inputs connected to the parallel 
outputs of a counter 244 whose counting capacity is 
chosen to be able to define the longest possible code 
word. The counter 244 has an input connected to re 
ceive a fast clock signal HR taken from the oscillator 
223 and connected to the input of the counter 244 via an 
AND gate 51. 
The set 241 is connected to the Q output ofthe colour 

bistable 245 to receive data concerning the colour of the 
measured run whose lengths is to be decoded. 
The set 241 is also associated with an auxiliary trans 

coding set 226’, preferably also of the PLA type. The 
auxiliary set transcodes a received word into another 
word indicative of the length of the corresponding code 
word, in accordance with a coding law de?ned for the 
coder. 
The auxiliary set 226’ has parallel inputs connected to 

the parallel outputs of the circuit 227 to receive the 
contents of one or other of the counters 228 and 229 
depending on the position of the switching circuit. It 
also has an input connected to the Q output of the col 
our bistable 245 and an input connected to the counter 
229 via the connection 230. On its parallel outputs it 
delivers words which de?ne the lengths of the code 
words corresponding to the words received from the 
counters 228 or 229. Thus, with reference to the tables 
given above, if the measured run is white and has a 
length 6, the contents of the counter 228 is 110 and is 
applied to the auxiliary set 226’ together with data in 
dictive of the colour and of the state (zero) of the 
counter 229. In response thereto the set 226’ delivers the 
word 100 indicating that the required code word com 
prises four hits (according to table 1 this code word is 
1110). 
The outputs from the auxiliary set 226' de?ning the 

length of the required. code word are applied to corre 
sponding parallel inputs of the set 241 to supply it with 
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length data concerning the required code word and 
consequently to enable sufficient inputs (starting from 
the least signi?cant input) connected to the counter 244 
to receive all possible code words of this length there 
from. Thus, for a required four-bit code word, only the 
four least signi?cant outputs from the counter 244 and 
corresponding inputs to the set 241 are taken into con 
sideration. 
The parallel outputs of the set 241 are connected to a 

second group of parallel inputs to the comparator 50. 
The comparator 50 detects identity between the two 
words which it receives on its two groups of inputs. The 
output of the comparator 50 is connected via an inverter 
54 to the AND gate 51 which delivers the fast clock 
signal HR; when there is identity between two com 
pared words, the AND gate 51 is closed and the signal 
HR turned off. The output of the comparator 5D is also 
connected, via an AND gate 69, to the load enable input 
of a shift register 232, having parallel inputs connected 
to the outputs of the counter 244 and having its clock 
input connected to the clock rate signal Hm to supply 
serial data constituting the coded data DC. The register 
232 receives the clock rate signal Hm via an AND gate 
209 which is controlled by a signal that is described 
below to close the AND gate during transmission of a 
line synchronizing word. A presettable counter 231 
associated with the register 232 is also enabled for load 
ing by the comparator 50 via the AND gate 69 and 
receives the word delivered by the auxiliary set 226’ 
indicating the length of the coded word. This counter 
receives the clock rate signal Hm via the AND gate 209 
and counts down while the register 232 is shifting out. 
One output of the counter 231 delivers a signal indica 
tive of the zero or non-zero state of the counter (l and 
0 respectively in this case). This signal is applied to the 
AND gate 69 to enable loading of the output register 
232 and of the output counter 231 each time that the 
comparator 50 detects identity simultaneously with the 
counter 231 being in the zero state. The AND gate 69 
thus delivers a series of short I-pulses instructing the 
counter 231 and the register 232 to load. These pulses 
are also applied to reset the counter 229 to zero, to reset 
the counter 244 to zero and toone input of an AND 
gate 233. The AND gate 233 is open when the counter 
229 is in the zero state as indicated by the connexion 
230. Each pulse transmitted by the AND gate 233 is 
thus indicative of an end code word in the register 232, 
and resets the counter 228 to zero and sets the Q output 
of the blocking bistable 225 to l. 
A divide-by-l728 counter 234 for the 1728 points 

along a scan line (in this case) receives the coder clock 
signal HC. Each time this counter passes through 1728, 
it delivers a scan line feed pulse ALA which is transmit 
ted to the document scanner (not shown) associated 
with the coder and which is also applied to reset the 
counter 234 to zero. In the coder, the output of the 
counter 234 which delivers the pulses ALA at level i, 
for example, is connected to the blocking bistable 225 
via an OR gate 219 to reset this bistable to zero (Le. to 
put its Q output to zero) each time there is an ALA 
pulse. Each time the counter 234 arrives at 1728, it 
thereby closes the AND gate 224. 
The pulses ALA are also used in the coder for each 

string of scan data DA corresponding to one scan line to 
initialize the logic level at the output of the memory 210 
to a given value and to put the colour bistable 245 into 
a given state so that the ?rst run processed at the begin 
ning of a line is systematically of a given colour (e.g. 
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white and if, in fact, the ?rst scan run is black, then the 
coder will begin by processing an initial by white run of 
zero length). The-pulses ALA are further used to cause 
a line synchronizing word to be added to each string of 
coded data DC corresponding to one scanned line. 
For these purposes, the output of the counter 234 is 

connected to a “set to one” input of a ?rst bistable 212 
and to a "reset to zero” input of a second bistable 213 to 
set and reset these bistables respectively each time the 
counter 234 arrives at 1728. The signal on the Q output 
of the bistable 212 is applied to control an AND gate 
214 which also receives pulses delivered by the AND 
gate 233. The output of the AND gate 214 is connected 
to the "reset to zero” input of the bistable 212: the AND 
gate 214 thus passes only the ?rsttpulse delivered by the 
AND gate 233 after each arrival of the counter 234 at 
1728. The pulses passed by the AND gate 214 are ap 
plied to the colour bistable 245 to put it into a given 
state, one in the present example, and to the bistable 213 
to set it to the one state. The signal at the Q output of 
the bistable 213 is applied to a supplementary input to 
the memory 210 to force the given logic level at the 
output of the memory 210, a zero level in the present 
case, whenever it is itself at the zero level. That is to say 
during the time interval which separates each arrival of 
the counter 245 at i728 from the ?rst load instruction to 
the counter 231 and the register 232 which appears 
thereafter and provided that the counter 229 is in the 
zero state. For this purpose, an AND gate (not shown) 
is placed at the output of the memory 218 and is con 
trolled by the output signal from the bistable 213 as 
applied to the said supplementary input. The output of 
the AND gate 214 is further connected to the “set to 
one” input of a bistable 215 to set it to the one-state each 
time a pulse is delivered by the AND gate 214. The 
signal at the output of the bistable 215 controls an AND 
gate 216 which is also connected to the output of the 
AND gate 69 which delivers load instruction pulses to 
the counter 231 and the register 232. The AND gate 216 
is connected to a “reset to zero” input of the bistable 
215. The AND gate 216 only passes the ?rst pulse deliv 
ered by the AND gate 69 after each pulse passed by the 
AND gate 214. The output of the AND gate 216 is 
connected to a control input of a binary word generator 
217 which delivers the line synchronizing word. The 
generator 217 receives the modulator clock rate signal 
Hm on another input. In response to each pulse re 
ceived from the AND gate 216, the generator 217 seri 
ally delivers the bits of the line synchronizing word at 
the rate Hm. The line synchronizing word, may, for 
example, be constituted by eleven successive zeros fol 
lowed by one. On an auxiliary output the generator 
delivers a signal which causes the AND gate 209 to be 
closed while the line synchronizing word is being gen 
erated. It is via the AND gate 209 that the clock rate 
signal Hm is applied to the output register 232 and to 
the presettable counter 231. 
The signal on the auxiliary output of the generator 

217 is applied to a further AND gate 209' which is also 
connected to the output of the register 232 to for the 
logic level at the output of the AND gate 209' to zero 
while the line synchronizing word is being generated. 
An OR gate 218 having a ?rst input connected to the 

generator 21? to receive the synchronizing word and a 
second input connected via the AND gate 299’ to the 
output register 232 to receive the data DC delivers data 
DE which is applied to a modulator for transmission to 














